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(54) PRODUCTION OF ION EXCHANGER 

(57) Abstract: 

PURPOSE: To obtain an ion exchanger whose ionic 
permeability, especially, permselectivity among ions of 
tie same charges can be varied, by - polymerizing an 



containing an oxidizing agent 

CONSTITUTION: An axidatively polymerizable monomer 
Is polymerized in an ion exchanger containing an 
oxidizing agent. As the ion exchanges, not only organic 
ion exchangers but also inorganic ion exchangers 
themselves such as zirconium 



formed by molding these inorganic ion exchangers by 
application of pressure and heat with the aid of a 
suitablB organic Dr inorganic binder can be used. 
Examples of said oxidizing agents include peroxides such 
as H 2 0 2 and (C 6 H g CO) and (CgHgCO)^, metal salts 
such as FeCl3 and CuSO^, peroxy acids (salts) such as 
Na 2 S20a and NajSOg and oxy-acid salts such as NaCIO 
and NaBrO. Examples of the oxidativeiy polymerizable 
monomers which can bB particularly desirably used 
include pyrrole. Indole, azulene, fhiophene, furan and 
their derivatives. 
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English translation of JP 63-023933A 

1. Title of the Invention 

Process for Producing Ion Exchanger 

2. What is Claimed is: 

1) A process for producing an ion exchanger, 
characterized by polymerizing an oxidation-polymerizable 
monomer in an ion exchanger which contains an oxidizer. 

3. Detailed Description of the Invention 
{Industrial Applicability) 

The present invention relates to a process for 
producing an ion exchanger polymerizing an oxidation- 
polymerizable monomer in an ion exchanger which contains an 
oxidizer . 

(Prior Art and Problem) 

Various methods hitherto have been tried in order to 
improve or lower ion-selective permeability which is one of 
the functions of ion-exchange membranes, or to change 
selective permeability between ions of the same polarity. 
Further, various trials have been made to impart a new 
function to ion exchange membranes: that is, a 
polymerizable vinyl monomer is incorporated and polymerized 
into a cation or anion ion exchange membrane to thereby 
decrease the amount of a diffusing and permeating salt, to 
improve a transport number or to decrease the leakage 
amount of an acid or a base. However, in most of these 
methods, the vinyl monomers are polymerized in the 
membranes, so that the ion exchange membranes are swollen 
by these vinyl monomers, which may lead to a decrease in 
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the mechanical strengths of the membranes. It is also 
reported that condensation type monomers are condensed in 
ion exchange membranes. However, in most cases, heat 
treatments are needed to complete the condensation 
reactions, which may degrade the performance of the 
membranes. 

(Means for Solving the Problem) 

Under such a situation, the present inventors have 
made various trials so as to impart new functions to ion 
exchanges by forming matrices of different polymers in the 
matrices of conventional ion exchangers to thereby change 
the features of the ion exchangers. As a result, they have 
found that heterocyclic compounds such as pyrrole and its 
derivatives, thiophene and its derivatives, etc., which 
show good affinity to the ion exchangers, can be 
polymerized in the membranes of the ion exchangers with 
relative ease by oxidation reaction, to thereby change the 
features of the ion exchangers, and to impart new and 
useful functions to the ion exchangers. The present 
invention is accomplished based on this finding. According 
to the present invention, there is provided a process for 
producing an ion exchanger, characterized by polymerizing 
an oxidation-polymerizable monomer in an ion exchanger 
which contains an oxidizer. 

Examples of the ion exchanger to be suitably used in 
the present invention include not only organic ion 
exchangers but also inorganic ion exchangers such as 
zirconium phosphate, and ion exchangers obtained by molding 
these ion exchangers with the use of appropriate organic or 
inorganic binders under pressure and heating. As the 
organic ion exchangers, there are preferably used 
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polymerization type ion exchangers, so-called styrene- 
divinylbenzene-based copolymers to which ion exchange 
groups are bound, or condensation type ion exchangers to 
which cation exchange groups and/or anion exchange groups 
are bound. As such ion exchangers, conventionally known 
homogeneous or heterogeneous ion exchangers also can be 
used. Also, hydrocarbons, carbon fluorides and 
perfluorocarbons can be preferably used as base materials 
of the ion exchangers, independently of the kinds thereof. 

There is no limit in selection of the ion exchanger to 
be used in the present invention, in so far as generally 
0.1 to 15 milli-equivalent of ion exchange groups are bound 
per 1 g of the dried ion exchanger. Preferable examples of 
the ion exchange group include the known cation exchange 
■groups such as sulfonic acid, carboxylic acid, phosphoric 
acid, phosphorous acid, sulfonate, phenolic hydroxyl group, 
thiol group, tertiary perf luoroalcohol, etc.; and anion 
exchange groups such as primary, secondary and tertiary 
amines; and onium bases such as quaternary ammonium, 
tertiary sulfonium, quaternary phosphonium, cobaltiranium, 
etc. 

As the above-described ion exchanger, one suitable for 
end use is selected from various ion exchangers such as an 
ion exchanger in which ion exchange groups are uniformly 
dispersed on a base material, an ion exchanger in which ion 
exchange groups are present collectively on one side, an 
ion exchanger which has a concentration gradient of ion 
exchange groups, etc. Again, such ion exchangers may have 
cation exchange groups alone or anion exchange groups alone, 
or concurrently may have both kinds of ion exchange groups . 
When an ion exchanger concurrently has both kinds of ion 
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exchange groups, the two kinds of ion exchange groups may 
be present in the form of two or more layers, or may be 
uniformly present in an optional form. There can be formed 
a variety of ion exchangers, according to the states of ion 
exchange groups present therein; for example, there is an 
ion exchanger which has a layer having cation exchange 
groups therein, a layer having cation exchange groups and 
anion exchange groups optionally distributed therein, and a 
layer having cation exchange groups therein or a layer 
having anion exchange groups therein; or an ion exchanger 
which has a structure reverse to the above structure. The 
process of the present invention can be effectively applied 
to all of these forms of ion exchangers. In this regard, 
the above-described cation exchange groups and anion 
exchange groups do not mean cation exchange groups and 
anion exchange groups of the same kinds but may be cation 
exchange groups and anion exchange groups of different 
kinds: that is, they may be different cation exchange 
groups, for example, carboxylic acid groups and sulfonic 
acid groups. In many cases, the use of different kinds of 
ion exchange groups is particularly effective. In addition, 
each of the above-described inorganic ion exchangers and 
organic ion exchangers does not necessarily have a single 
matrix, and composites of both of inorganic and organic ion 
exchangers can be preferably used. In concrete, fine 
particles of an inorganic ion exchanger may be molded with 
a thermoplastic organic ion exchanger and formed into an 
appropriate shape; or otherwise, an ion exchanger with a 
desired shape may be produced by dispersing an inorganic 
ion exchanger in a solution of a polymeric electrolyte or 
an inert polymer in an appropriate solvent, to thereby 
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splash the solvent. The ion exchangers to be used in the 
present invention may be in the forms of not only membranes 
but also particles, powder, fibers, tubes, etc. 

In the present invention, the variety of the ion 
exchangers described above are used to provide improved and 
useful ion exchangers, by selecting oxidizers and 
oxidation-polymerizable monomers described below. 
Hereinafter, schematic embodiments thereof are described. 

(1) An ion exchanger having an asymmetric structure can be 
provided by using a cationic oxidizer relative to an anion 
exchanger, or an anionic oxidizer relative to a cation 
exchanger, since it is hard to uniformly contain each of 
the oxidizers in each of the ion exchangers so that an 
oxidation-polymerizable monomer can be easily polymerized 
on one side alone of the ion exchanger. 

(2) An ion exchanger having a uniform structure can be 
provided by using a dipolar ion exchanger, since any of a 
cationic oxidizer and an anionic oxidizer can be uniformly 
contained in the ion exchanger to polymerize an oxidation- 
polymerizable monomer. 

(3) A membrane-like material having conductive layers of a 
polymer and insulating layers alternately can be provided 
by using a bipolar type ion exchange membrane, since an 
oxidation-polymerizable monomer can be polymerized in only 
one side thereof. 

(4) An ion exchanger which is easy to maintain its 
mechanical strength can be provided by using a hydrocarbon 
type ion exchanger having a crosslinked structure, since 
the impregnation rate and the impregnated amount of an 
oxidation-polymerizable monomer can be easily controlled. 
In particular, an ion exchanger having a higher mechanical 
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strength can be provided by using an ion exchanger which 
has a crosslinked structure and contains a reinforcing 
material . 

In the present invention, the oxidizer to be contained 
in the ion exchanger may be any of the known oxidizers, and 
is not particularly limited. Examples of such oxidizers 
include peroxides such as H 2 0 2 and {C 5 H5CO) 2 0 2 ; metal salts 
such as FeCl 3 , CuS0 4 , CuCl 2 and RuCl 3 ; peroxoacids (salts) 
such as Na 2 S 2 0 8 , Na 2 S0 5 and (NH 4 ) 2 S0 5 ; and salts with 
oxyacids such as NaClO, NaBrO and NaC10 3 . In other words, 
there are preferably used metal ions of which the charges 
are changed by oxidation reduction, such as trivalent iron 
ions, bivalent copper ions and trivalent ruthenium ions; 
organic compounds of which the charges are changed by 
oxidation reduction; cations such as metal complex cations; 
and anions having oxidizing property, such as persulfate 
ions and perchlorate ions. These cations and anions are 
preferable, since such cations and anions in oxidized 
states are exchanged with the exchange groups of the ion 
exchanger and thus are uniformly dispersed in the ion 
exchanger. To cause the oxidation polymerization of the 
present invention only in the surface layer of the ion 
exchanger, there can be used, as the oxidizer, a peracid to 
which long-chain alkyl groups are bound, or a compound such 
as a naphthalene ring which is hard to enter the pores of 
the ion exchanger and which has peracid groups bound 
thereto. 

In the present invention, examples of the oxidation- 
polymerizable monomer include pyrrole and its derivatives 
such as N-methylpyrrole and 2-ethylpyrrole; thiophene and 
its derivatives; isothianaphthene and its derivatives; and 
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indole, azulene, furan, aniline, phenol, benzene and 
naphthalene, and their derivatives. In particular, 
heterocyclic compounds such as pyrrole, indole, azulene, 
thiophene, furan, and their derivatives are preferable, 
because they show sufficient affinity to ion exchangers and 
are easily oxidation-polymerized to the ion exchangers. 

The method of oxidation-polymerization to be employed 
in the present invention is not limited. For example, an 
ion exchanger containing an oxidizer is immersed in a 
solution or a dispersion of an oxidation-polymerizable 
monomer in an organic solvent such acetonitrile or ethyl 
alcohol, or an inorganic solvent, for example, water. This 
immersion is carried out under cooling where the solvent is 
not frozen, or under heating where the solvent is not 
boiled. In the polymerization, the concentration of the 
monomer is not limited, and it is from 0.01% to a 
concentration for a saturated solution of the monomer. The 
polymerization may be carried out as suspension 
polymerization. The polymerization time varies depending 
on the type of the monomer and the type of the ion 
exchanger. The polymerization time is appropriately 
selected generally within a range of from one minutes to 72 
hours . 

{Operation and Effect of the Invention} 

An ion exchanger obtainable in the present invention 
is variable in ion permeability, particularly selective 
permeability of ions of the same polarity, and generally 
inhibits permeation of ion species with large charges and 
ion species with small radii of hydration ions. Again, 
depending on the oxidation-polymerization method for the 
monomer, it is possible to impart an electron conductive 
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function to an ion exchange membrane, so that the ion 
exchange membrane can be used as a new functional material 
such as a sensor. 

Some of concrete examples of such a case will be 
described below. 

(1) A cation exchange membrane cross linked with styrene- 
divinylbenzene was immersed in an aqueous solution of iron 
chloride so that the membrane could be of iron ion type. 
After that, the membrane was sufficiently rinsed with water 
and was then immersed in an aqueous solution containing 
pyrrole so that the pyrrole was exchanged with cations and 
was simultaneously polymerized. The resultant membrane was 
sufficiently rinsed with water and was sufficiently 
conditioned with IN hydrochloric acid and 0.5N brine to 
remove Fe ++ , and was then used for electrodialysis of a 
solution which contains 0.25N hydrochloric acid and 0.25N 
salt, so that hydrogen ions were allowed to selectively 
permeate the membrane. 

(2) The membrane prepared in the step (1) was dried under 
reduced pressure, and the electric conductivity thereof was 
measured. As a result, the membrane showed an electric 
resistance of 1 k£2-cm 2 or lower. On the other hand, a 
membrane to which the above-described pyrrole was not 
polymerized had an electric resistance of 20 MQ-cm 2 or 
higher. 

(3) An anion exchange resin having pyridinium bases as 
anion exchange groups was equilibrated in an ammonium 
persulfate solution to be of persulfate ion type, and was 
then immersed in an aqueous solution of pyrrole, so that 
the pyrrole was selectively adsorbed onto the anion 
exchange membrane for ion exchange and was polymerized 
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thereto. The pale yellowish globular resin was turned 
black. The resultant polymer was not eluted even when the 
globular resin was repeatedly rinsed with an acid and an 
alkali . 

(4) A tubular ion exchanger having benzyltrimethyl ammonium 
ions as anion exchange groups was equilibrated in an 
aqueous ammonium persulfate solution to be of persulfate 
ion type, and was then immersed in an aqueous solution of ■ 
aniline, so that the aniline was incorporated and 
polymerized into the anion exchanger. The pale yellowish 
tubular anion exchanger was turned black. The electric 
conductivity of the anion exchanger was measured. As a 
result, it showed an electric resistance of 100 H-crn 2 or 
lower. On the other hand, an anion exchanger which was not 
impregnated with aniline showed an electric resistance of 
20 MO-cm 2 or higher. 

(5) A pyridinium base type membrane-like anion exchanger 
was immersed in an aqueous solution of ammonium persulfate 
so that anion exchange groups were exchanged with 
persulfate ions. After that, aniline was added to the 
solution to be polymerized therein. As a result, the 
aniline was polymerized in a liquid phase to be turned into 
black polyaniline and concurrently to be incorporated and, 
polymerized into the membrane-like material. The membrane- 
like material was removed, and the selective permeability 
thereof to sulfate ions and chlorine ions was measured. 
When polyaniline was not present in the membrane-like 
material, 0.3 equivalent of sulfate ions permeated the 
membrane-like material, when one equivalent of chlorine 
ions permeated the same material. On the other hand, the 
membrane-like material impregnated with the polyaniline 
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allowed permeation of 0.01 equivalent of sulfate ions. 
(Examples) 

The present invention is described in more detail by 
way of Examples thereof, which however should not be 
construed as limiting the scope of the present invention in 
any way. 
Example 1 

A dry cation exchange membrane (7.0 X 7.0 cm 2 ) with an 
ion exchange capacity of 2.3 milli-equivalent/g, which had 
sulfonic acid groups bound thereto, was immersed in a 5% 
ferric chloride aqueous solution and equilibrated therein 
to be of ferric ion type. Sequentially, the ferric ion 
type membrane was immersed in a 2% pyrrole aqueous solution 
(500 cc) and was stirred therein. The membrane was left to 
stand therein for 16 hours and was then removed. The 
membrane was rinsed with water and washed with ethanol, and 
was then immersed in IN hydrochloric acid, while 
hydrochloric acid being repeatedly exchanged. Absorption 
of the iron was observed by means of fluorescent X-ray, ' and 
almost no iron was found to be removed from the membrane. 

The membrane thus obtained was built in an acrylic 
cell partitioned into two chambers with inner volumes of 
120 cc, and the two chambers were filled with a 0.25N NaCl 
solution and a 0.25N CaCl 2 solution, respectively. The 
membrane had been sufficiently equilibrated in the 0.25N 
NaCl solution and the 0.25N CaCl 2 solution before it was 
built in the cell with the two chambers. A silver 
electrode and a silver chloride electrode were attached to 
both the chambers of the cell, respectively, to carry out 
electrodialysis through the electrodes at a current density 
of 1 A/ dm 2 . The effective current-carrying area was 0.1 
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dm 2 . After 2 hours of current-carrying, the amount of 
cations which had permeated the membrane was determined. 
As a result, the current efficiency was 97%, and the amount 
of Ca 2+ which had permeated the membrane was 0.2 equivalent, 
when one equivalent of Na + had permeated the membrane. 

On the other hand, a conventional sulfonic acid type 
cation exchange membrane which had no pyrrole incorporated 
and polymerized thereinto was used for comparison. This 
membrane was used for electrodialysis and measurement under 
the same conditions. As a result, the current efficiency 
was 98%, and the amount of Ca 2+ which had permeated the 
membrane was 2.1 equivalent, when one equivalent of Na* had 
permeated the membrane. 

In the meantime, the former membrane which had pyrrole 
incorporated and polymerized thereinto and which had been 
used for the above electrodialysis was removed from the 
cell, and was- equilibrated in IN hydrochloric acid and was 
then dried under reduced pressure. After that, the 
electric conductivity of the membrane was measured. As a 
result, the electric resistance of the membrane was 28 Cl- 
em 2 . On the other hand, the latter cation exchange 
membrane which had no pyrrole incorporated and polymerized 
thereinto showed an electric resistance of 20 MO-cm 2 or 
higher under the same conditions. 

In this connection, the cation exchange membranes used 
were made from a styrene-divinylbenzene copolymer, and the 
content of divinylbenzene was 5%. The measurement of 
electric conductivity was made on the membrane with a width 
of 1 cm on which silver paste was applied at every 1 cm 
interval and dried, using a conductivity meter, and a 
conversion was made from the thickness of the membrane to 
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calculate a 5 pecific conductivity. The measurements in the 
following Examples were made in the same manner. 

Example 2 

A viscous paste mixture was prepared by admixing a 
mixture of ethylene, divinylbenzene and 4-vinylpyridine 
with fine particles of polyvinyl chloride, followed by 
benzoyl peroxide as a polymerization initiator. The paste 
mixture was applied to a polyvinyl chloride fabric, and 
both sides of the fabric were covered with cellophane 
sheets. Heat polymerization was allowed to take place at 
7 0°C under a nitrogen atmosphere to obtain a polymeric 
membrane. This membrane was immersed in an alkylating bath 
of a solution mixture of hexane and methyl iodide, at 25°C 
for 24 hours, to obtain an anion exchange membrane which 
had quaternary ammonium bases as anion exchange groups. 

This anion exchange membrane was immersed in an 
aqueous solution of 10% ammonium persulfate to thereby 
convert the type of the membrane to persulfate ion type. 
Then, this membrane was immersed in an aqueous dispersion 
of 5% aniline and was stirred at room temperature for 8 
hours. The pale yellowish membrane was turned black. 

The membrane was removed and was conditioned with IN 
hydrochloric acid and a 0.5N aqueous ammonia solution. 
After that, this membrane was used for electrodialysis of a 
solution mixture of 0.25N rairabilite and 0.25N sodium 
chloride in the ratio of 1 : 1 in the same manner as in 
Example 1, and the permeabilities of this membrane to S0 4 ~~ 
and CI" were compared. As a result, a membrane which had 
no aniline incorporated and polymerized thereinto allowed 
permeation of 0.3 equivalent of S0 4 " f relative to 
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permeation of one equivalent of Cl". In contrast, the 
membrane which had aniline incorporated and polymerized 
thereinto allowed permeation of only 0.01 equivalent of 
S0 4 ". 

The anion exchange membrane which had aniline 
incorporated and polymerized thereinto and which had been 
used for the above-described electrodialysis was dried 
under reduced pressure. Then, the electric conductivity of 
the membrane was measured. As a result, the membrane 
showed an electric resistance of 12 D-cm . 

Example 3 

A paste mixture was prepared by admixing a mixture of 
styrene, 4-vinylpyridine and divinylbenzene with polyvinyl 
chloride fine particles, followed by benzoyl peroxide. 
This paste mixture was applied to a polypropylene non-woven 
fabric and was polymerized into the fabric under heating. 
Thus, a membrane-like material was obtained. This material 
was immersed in 97% sulfuric acid so as to be gently 
sulfonated over 3 days. This material was once immersed in 
Q.1N caustic soda and was then immersed in a bath of hexane 
and methyl iodide to thereby alkylate the pyridine rings. 
The cation exchange capacity of a bipolar ion exchange 
membrane thus obtained was 0.81 milli-equivalent per 1 g of 
the dried membrane; and the anion exchange capacity thereof 
was 1.12 milli-equivalent per 1 g of the dried membrane. 
This bipolar ion exchange membrane was subjected to the 
following two treatments. 

(a) The membrane was immersed in an aqueous solution of 
ruthenium trichloride to convert the type of membrane to a 
ruthenium ion type, and then, the membrane was rinsed with 
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water and dried. After that, the membrane was immersed in 
an aqueous solution of 2% pyrrole, so that the bipolar ion 
exchange membrane had pyrrole incorporated and polymerized 
thereinto. This membrane was rinsed with water and washed 
with methanol and was then dried under reduced pressure. 
The electric conductivity of the dried membrane was 
measured. As a result, the membrane showed an electric 
resistance of 25 O-cm 2 . 

(b) The membrane was immersed in an aqueous solution of 5% 
sodium persulfate to convert the type of membrane to a 
persulfate ion type and was then immersed in an aqueous 
solution of 1% aniline to polymerize the aninilne under 
stirring. The membrane was rinsed with water and washed 
with methanol and was then dried under reduced pressure. 
This membrane showed an electric conductivity of 19 £Vcm 2 . 

Either of the membranes was used for electrodialysis 
of a solution mixture of G.25N hydrochloric acid and 0.25N 
sodium chloride in the ratio of 1 : 1. As a result, the 
membrane which had pyrrole incorporated and polymerized 
thereinto showed a current efficiency of 95% and allowed 
permeation of 21 equivalent of hydrogen ions relative to 
permeation of one equivalent of Na\ The membrane which 
had polyaniline incorporated and polymerized thereinto 
showed a current efficiency of 97% and allowed permeation 
of 30 equivalent of hydrogen ions relative to permeation of 
one equivalent of Na + . 

Example 4 

A block copolymer was synthesized by living anion 
polymerization of styrene, butadiene and N,N' -dimethyl- 
vinylbenzylamine. This block copolymer was cast onto a 
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flat plate to form a film. This film was observed with an 
electron microscope and was found to have a phase- 
separation structure. That is, the film had a styrene 
region, a butadiene region and a N,N* -dimethylvinyl- 
benzylamine region which were separated from one another. 
This film was sulfonated with sulfuric acid to introduce 
sulfonic acid groups thereinto. Then, the film was rinsed 
with methanol to substitute the sulfonic acid groups, and 
was then treated with methyl iodide to thereby introduce 
quaternary ammonium bases thereinto. Thus, there is 
obtained a membrane in which a cation exchange group region, 
a neutral region and an anion exchange group region were 
distributed in a mosaic pattern. This membrane was 
immersed in an aqueous solution of iron trichloride to 
thereby exchange iron ions with cation exchange groups. 
Next, this membrane was immersed in a solution of 2% 
pyrrole in acetonitrile . As a result, the pyrrole was 
incorporated mainly in the region having sulfonic acid 
groups therein and was oxidation-polymerized therein. 

The resultant membrane was used to measure the 
permeability of sodium chloride and saccharose. The region 
of the membrane which had no pyrrole incorporated and 
polymerized thereinto showed a saccharose permeability of 
1/81 in comparison with sodium chloride. The region of the 
membrane which had pyrrole incorporated and polymerized 
thereinto showed a decreased saccharose permeability of 
1/210. Another membrane made in the same manner was rinsed 
with water and washed with methanol and was then dried 
under reduced pressure. The electric conductivity of the 
resultant membrane was measured. As a result, the membrane 
showed electric conductivity in the thickness direction but 



showed quite none in the two-dimensional direction. That 
is, the membrane was found to be an anisotropic conductive 



Example 5 

A viscous paste mixture was prepared by admixing a 
mixture of styrene and divinylbenzene with polyethylene 
fine particles. This paste mixture was applied to a 
polypropylene fabric. After that, only one side of the 
fabric was sulfonated with cone, sulfuric acid, using a 
reaction device capable of reacting only one side of the 
fabric. Thus, the fabric had sulfonic acid groups 
introduced into its only one side. Then, this fabric was 
immersed in an aqueous solution of 5% ruthenium trichloride 
to convert the type of the fabric to a ruthenium ion type. 
Then, the fabric was immersed in a solution of 10% pyrrole 
in ethyl alcohol for 16 hours, so that the pyrrole was 
incorporated and oxidation-polymerized into only the 
sulfonic acid group portion. The fabric was rinsed with 
water and washed with methanol and was then dried under 
reduced pressure. The electric conductivity of the fabric 
was measured. As a result, the fabric showed electric 
conductivity in the two-dimensional direction only at its 
one side, and the reverse side thereof was found to be 
insulating. 



Example 6 

The membrane sulfonated at its one side, obtained in 
Example 5, was again set in the reaction device capable of 
reacting only one side of the membrane, so that the 
unreacted side of the membrane was brought into contact 
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with a solution of tin tetrachloride and carbon 
tetrachloride in chloromethyl ether to thereby introduce 
chloromethyl groups into the one side of the membrane. 
Then, this membrane was immersed in a solution of 
trimethyamine in water and acetone to aminate the membrane. 
Thus, there was obtained a membrane which had sulfonic acid 
groups at its one side and had quaternary ammonium bases at 
its reverse side. This membrane was immersed in an aqueous 
solution of 5% sodium persulfate to convert the anion 
exchange group portion of the membrane into a persulfate 
ion type portion. This membrane was then immersed in a 
solution of 5% aniline in ethanol. After 10 hours had 
passed, the anililne was polymerized in the anion exchange 
group portion of the membrane. This portion of the 
membrane showed electric conductivity. 

Next, this membrane was immersed in an aqueous 
solution of 5% ferric chloride, so that the cation exchange 
group portion of the membrane was exchanged with iron ions. 
The membrane was rinsed with water and was then immersed in 
a solution of 2% pyrrole in ethanol, so that the pyrrole 
was polymerized at the portion having cation exchange 
groups therein. This membrane was rinsed with water and 
dried under reduced pressure. The electric conductivity of 
the resultant membrane was measured. As a result, this 
side of the membrane also showed electric conductivity. 

Example 7 

Commercially available cation exchange resin, anion 
exchange resin and bipolar ion exchange resin were treated 
as follows, respectively. 

{a) A sulfonic acid type cation exchange resin was 
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equilibrated in an aqueous solution of ferric chloride and 
was then immersed in an aqueous solution of 10% pyrrole and 
was left to stand alone- As a result, the slightly 
brownish cation exchange resin was turned black, and the 
pyrrole was found to be polymerized. 

(b) A resin containing quaternary ammonium base type anion 
exchange groups was immersed in an aqueous solution of 10% 
ammonium persulfate and was then immersed in a solution of 
aniline in ethanol and was left to stand alone. As a 
result, the resin was formed into a black globular resin 
material . 

(c) A globular bipolar ion exchange resin material which 
contained quaternary ammonium bases and sulfonic acid 
groups was immersed in an aqueous solution of 5% ferric 
chloride, and was then immersed in an aqueous solution of 
pyrrole. As a result, the globular resin material was 
turned black, and the pyrrole was found to be oxidation- 
polymerized. 

Any of the above-described resins a), b) and c) was 
dried under reduced pressure and measured with respect to 
electric conductivity. As a result, any of them showed 
electric conductivity. 

Example 8. 

A tubular polymer material was obtained by extrusion- 
molding polychloromethylstyrene via a nozzle. The tubular 
polymer material was brought into contact with a solution 
of aluminum chloride in carbon disulfide to cause a 
crosslinking reaction in the presence of Friedel-Craf ts 
acid. The tubular polymer material was then iirmersed in a 
solution mixture of trimethylamine, water and acetone to be 
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aminated. Thus, a tubular anion exchanger containing 
quaternary ammonium bases was obtained. This tubular anion 
exchanger was equilibrated in an aqueous solution of 
ammonium persulfate and was then immersed in an aqueous 
solution of pyrrole. 

The electric conductivity of the tubular anion 
exchanger was measured. As a result, a tubular anion 
exchanger having no pyrrole polymerized thereto showed no 
electric conductivity. On the other hand, the tubular 
anion exchanger having pyrrole polymerized thereto showed 
electric conductivity. 

Example 9 

A styrene-divinylbenzene copolymer was sulfonated to 
obtain fine particles of a cation exchange resin. The 
cation exchange resin fine particles were mixed with 
polyethylene, and the mixture was extruded from a nozzle in 
the same manner as in Example 8, to obtain a tubular cation 
exchanger. This tubular cation exchanger was once boiled 
in pure water and was then immersed in an aqueous solution 
of iron trichloride to thereby convert the type of the 
exchanger to an iron type one. This exchanger was immersed 
in an aqueous solution of 2% thiophene and was heated to 
50°C and was then left to stand alone for 24 hours. After 
that/ the tubular ion exchanger was removed and rinsed with 
water and was then dried under reduced pressure. The 
electric conductivity of the dried tubular ion exchanger 
was measured. As a result, the tubular ion exchanger 
showed electric conductivity. 



